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[TITLE OF THE INVENTION] DRIVING METHOD FOR MEMORY TYPE 
DISPLAY PANEL 
[ABSTRACT] 

When displaying an image on a memory type matrix display 
panel having a memory function, row electrodes are divided 
into two groups, an odd -row group and an even -row group, and 
writing is performed by sequential scanning, but erasure is 
performed by driving the electrodes using a different control 
signal for each group, thereby achieving different display 
brightnesses for the different groups in the same subfield, 
wherein display data is divided into a high-order bit group 
and a low-order bit group and, by making provisions to display 
the high-order bits on corresponding lines in each field in 
interlaced scanning of an input image signal and the low- order 
bits on the same lines in the next field, the actual display 
time is assigned only to the high-order bits and the low-order 
bits are displayed within the time frame assigned to the high- 
order bits, thereby achieving a reduction in the number of 
subfields within each field nearly to one half. Reducing the 
number of subfields to one half offers a variety of 
advantageous effects, for example, the driving conditions can 
be set so as to achieve high performance such as an 
improvement in light - producing efficiency or the capability to 
drive a large- screen display panel, increased complexity of 
the display panel construction is avoided, burdens on driving 
circuits are reduced, the amount of driving circuitry is 
reduced, and the need to convert the input image signal into a 
sequential scanning signal is eliminated. 
[CLAIMS] 

[CLAIM 1] A driving method for a memory type display panel, 
wherein when performing a memory drive of one drive cycle for 
all lines on a matrix display panel operating with a binary 
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memory, said one drive cycle comprising a display data write 
period, a sustain period, and an erase period, cells are 
driven for writing in a line sequential scanning manner, while 
on the other hand, row electrodes are divided into n groups 
each consisting of row electrodes on every (n-1) lines where n 
is an integer not smaller than 2, and n different sustain 
period durations, which can include a duration of 0, are 
respectively assigned to said n groups, and wherein within 
each of said groups, write driving is followed by sustain 
driving for a common sustain period duration assigned to said 
group and then by erase driving, the driving of all of said 
groups being performed in parallel, thus achieving for said n 
different groups n different display brightnesses due to ON 
cells . 

[CLAIM 2] A driving method for a memory type display panel 
according to claim 1, wherein said one drive cycle is repeated 
m times and, in said m successive drive cycles, the assignment 
of said n different sustain period durations for said n groups 
is changed from one drive cycle to the next so that for each 
of said groups m different values can be obtained in sequence 
as the display brightness to be obtained per drive cycle due 
to ON cells belonging to one group. 

[CLAIM 3] A driving method for a memory type display panel 
according to claim 2, wherein n successive fields are grouped 
together to constitute one display cycle, thereby setting a 
total of n display cycles each of an n- field length by 
shifting sequentially by one field, said n display cycles are 
made to correspond one for one with said n groups of row 
electrodes, and m^n subfields are provided within each display 
cycle by dividing each field into m subfields where m is an 
integer not smaller than 1, and wherein said one drive cycle 
is executed within one subfield period, a maximum of m^n 
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different ON-cell display brightnesses, which can include a 
zero-value brightness, are assigned to said m^n subfields in 
each of said n display cycles, a maximum of m^n different 
sustain period durations are assigned to each of said row 
electrode groups in one display cycle, said sustain period 
duration differing for each subfield except where a succession 
of zero-value display brightnesses appear, and a binary 
weighted value is assigned to the ON-cell display brightnesses, 
except zero-value brightnesses, of said maximum of m^n 
subfields, thereby achieving a maximum of 2"^ grayscale levels 
for display. 

[CLAIM 4] A driving method for a memory type display panel 
according to claim 3, wherein a 2:1 interlaced television 
signal is taken as an input, said row electrodes are divided 
into two groups, first and second, each consisting of row 
electrodes on every other line, image data is divided into a 
high-order bit group and a low-order bit group the number of 
bits in which is not larger than the number of bits in said 
high-order bit group, and the number of subfields in each 
field is set equal to the number of bits in said high-order 
bit group, with provisions made to display in an odd field the 
high-order bit group of the input signal of the first field on 
lines driven by said first group, display in an even field the 
high-order bit group of the input signal of the second field 
on lines driven by said second group, and display the low- 
order bit group of each input signal on the same lines in the 
field immediately following the field where the high-order bit 
group of said input signal was displayed, thereby achieving a 
reduction in the number of subfields. 

[CLAIM 5] A driving method for a memory type display panel 
according to claim 3 or 4 , wherein a sequential scanning image 
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signal is taken as an input, said row electrodes are divided 
into two groups, first and second, each consisting of row 
electrodes on every other line, image data is divided into a 
high-order bit group and a low-order bit group the number of 
bits in which is not larger than the number of bits in said 
high-order bit group, and the number of subfields in each 
frame is set equal to the number of bits in said high- order 
bit group, with provisions made to display in an odd frame the 
high-order bit group of the input signal of the first frame on 
lines driven by said first group and the low-order bit group 
thereof on lines driven by said second group, and display in 
an even frame the high-order bit group of the input signal of 
the second frame on the lines driven by said second group and 
the low-order bit group thereof on the lines driven by said 
first group, thereby achieving a reduction in the number of 
subfields . 

[CLAIM 6] A driving method for a memory type display panel 
according to claim 3, 4, or 5, wherein the number of subfields 
is reduced and, utilizing the effect of the reduction, the 
sustain driving period is increased. 

[CLAIM 7] A driving method for a memory type display panel 
according to claim 6, wherein light - producing efficiency is 
improved utilizing the effect of the increase in the sustain 
driving period. 

[CLAIM 8] A driving method for a memory type display panel 
according to claim 3, 4, or 5, wherein the number of subfields 
is reduced and, utilizing the effect of the reduction, the 
number of lines is increased. 

[CLAIM 9] A driving method for a memory type display panel 
according to claim 3, 4, or 5 , wherein the number of subfields 
is reduced and, utilizing the effect of the reduction, a non- 
divided anode display panel is used. 
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[CLAIM 10] A driving method for a memory type display 

panel according to claim 3, 4, or 5, wherein the number of 
subfields is reduced and, utilizing the effect of the 
reduction, the number of times of sustain driving is increased. 

[CLAIM 11] A driving method for a memory type display 

panel according to claim 3, 4, or 5, wherein the number of 
subfields is reduced and, utilizing the effect of the 
reduction, the number of display bits is increased. 

[CLAIM 12] A driving method for a memory type display 

panel according to claim 3, 4, or 5, wherein the number of 
subfields is reduced and, utilizing the effect of the 
reduction, an interlaced scanning to sequential scanning 
conversion process for an input television signal is omitted. 

[CLAIM 13] A driving method for a memory type display 

panel according to any one of claims 6 to 12, wherein the 
number of subfields is reduced, and the effect of the 
reduction is utilized. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[FIELD OF INDUSTRIAL APPLICATION] The preset invention 
relates to a driving method for a matrix display panel, and 
more particularly to improvements in a driving method for 
achieving grayscale for a memory type display panel having or 
provided with a binary memory function. 

[0002] In the present invention, when displaying a 

television image on a memory type display panel, the row 
electrodes of the display panel are divided into two groups, 
an odd- row group and an even- row group, and writing is 
performed by sequential scanning, as is done in a conventional 
system, but erasure is performed by driving the electrodes 
using a different control signal for each group, thereby 
achieving the reproduction of different brightnesses for the 
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different groups in the same subfield; while applying such a 
driving method, display data is divided into a high-order bit 
group and a low-order bit group, with provisions made to 
display the high-order bits on corresponding lines in each 
field in interlaced scanning of an input television image 
signal and the low-order bits on the same lines in the next 
field, thus making it possible to assign the actual display 
time only to the high-order bits and display the low-order 
bits within the time frame assigned to the high-order bits, 
and thereby achieving a reduction in the apparent number of 
subfields within each field to one half or nearly to one half. 
[0003] The reduction in the number of subfields offers a 

variety of advantageous effects. That is, a display panel, a 
driving circuit system, or a signal processing system can be 
designed so that any one of the following effects or a 
combination of two or more of the following effects can be 
obtained: that is, the driving conditions can be set for the 
display panel to achieve high performance according to the 
purpose, or as a typical example, the driving conditions can 
be set so as to improve the 1 ight - producing efficiency or to 
enable the driving of a larger - screen display panel; increased 
complexity of the display panel construction is avoided; 
burdens on driving circuits are reduced; the amount of driving 
circuitry is reduced; and the need to convert the input 
television image signal into a sequential scanning signal is 
eliminated . 
[0004] 

[PRIOR ART] Matrix display panels in which display cells 

are arranged in rows and columns are generally classified as 
self-luminous or passive displays according to whether or not 
they emit light by themselves; in either type of display panel, 
there are display panels that have memory functions. The 
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self-luminous type displays input information by making or not 
making each cell emit light or by modulating the intensity of 
each cell, while the passive type displays information by 
varying transmi ttance or reflectance or by utilizing 
differences in produced colors. The description given 
hereinafter deals with the self-luminous type, but the present 
invention can also be applied to the passive type by making 
the display ON/OFF operating conditions correspond to those of 
the passive type. 

[0005] The memory function of a memory type display panel 

refers to a binary memory function for achieving a grayscale 
display. In display panels having multi -value or analog 
memory functions, there are cases where the memory is used as 
a binary memory in order to ensure stability and uniformity; 
in such cases also, the present invention is applicable. 
[0006] A memory driving method for a memory type display 

panel basically consists of three operations of display data 
write (start of ON state) , sustain, and erasure (start of OFF 
state) ; the display operations constituting one drive cycle 
consist of horizontally scanning all the lines in a line 
sequential manner during a write period, maintaining the 
light - emission state during a sustain period starting at the 
end of the write period and lasting until an erase operation 
is initiated, and maintaining the display in a non-emission 
state during a period starting at the end of the erase 
operation and lasting until the next write operation is 
initiated. For a transition from the light- emission state to 
the non-emission state, the erase operation must be performed 
to drive the display panel to effect the erasure. Since the 
display brightness varies according to the duration of the 
sustain period, an input image signal for one field is divided 
into subfield signals each corresponding to a raster (bit 
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plane) that contains display bits mapped one-to-one to pixels, 
each bit plane of the input image signal is displayed by 
setting the sustain period for each subfield so that it 
corresponds to the necessary display brightness represented by 
a binary weighted value (a power of 2) , and the grayscale of 
the image is displayed by utilizing the effect of the visual 
integration of the bit planes. Depending on the 
characteristics of the display panel, the produced brightness 
may not be proportional to the number of times of sustain 
driving; in such cases, the number of times of sustain driving 
should be corrected, and in the description hereinafter give, 
the display brightness represented by a power of 2 should be 
interpreted to also include the case where such corrections 
are made . 

[0007] In a matrix display panel, since sufficient 

brightness and response speed cannot be obtained with dot 
sequential scanning, it is common to drive all the display 
cells on the same row electrode in parallel fashion, and it is 
therefore sufficient to define the operation in the column 
direction. When attention is focused on one particular 
display cell, basically the sustain operation is performed 
continually, and the display ON or OFF state is maintained 
unless a write or erase operation is performed. The sustain 
operation must be performed during the period starting at the 
end of the write operation, until the erase operation is 
initiated, but during the period starting at the end of the 
erase operation and lasting until the next write operation is 
initiated, the OFF state may be actively maintained by 
performing the sustain operation, or the sustain operation may 
be stopped and the driving conditions may be set so as to 
maintain the display OFF state. 

[0008] A prior art grayscale display driving method will be 
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described in detail below by taking an AC gas discharge 
display panel as an example of the memory type display panel 
that performs the basic operation described above. As shown 
in Figure 2, the discharge cell located at the intersection of 
a column electrode (X electrode) Xi (i = 1, 2, ...) and a row 
electrode (Y electrode) Yx (k =1, 2, ...) is designated by D^i 
and driving voltage waveforms for generating AC gas discharges 
to produce a display are schematically illustrated in Figure 
9 (a) . Sustain pulses S and s with a repetition period T is 
continually applied to the X and Y electrodes, respectively. 
Initially, all the discharge cells are set OFF, and in a drive 
period Ti, a write pulse w is applied to the electrode Yi and, 
at the same time, a write pulse W is applied to the electrodes 
Xi and X2 in accordance with the data to be displayed. The 
discharge cells in the first row that have been supplied with 
the write pulse W are caused to emit light each time the 
sustain pulse is applied thereafter as shown by Di (ON) in the 
figure, while on the other hand, the discharge cells that have 
not been supplied with the write pulse W are maintained in the 
OFF state. In the next drive period T2, the write pulse w is 
applied to the electrode Y2, to write to discharge cells in 
the second row, and the discharge cells thus written to, start 
to emit light as shown by Da (ON) in the figure. In this way, 
write scans in the row direction are performed in a line 
sequential manner, with the write pulse w for each row being 
delayed from the write pulse w for the preceding row by the 
period T. The erase operation is performed in like manner; 
that is, in period T5, an erase pulse e is applied to the 
first row, and then erase scans are performed in a line 
sequential manner. In the illustrated example, since a pair 
of positive/negative pulses is applied within one sustain 
pulse period T, a total of eight pulse emissions are produced 
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for the duration of 4T from the write pulse w to the erase 
pulse e applied to the Y electrode. By varying the interval 
between the write pulse and the erase pulse, the brightness 
reproduced in each subf ield can be set as a desired power of 2 . 
Drive voltage waveforms for pulse memory driving of a DC gas 
discharge display panel are schematically illustrated in 
Figure 9(b). In the figure, X electrode is the anode, Y 
electrode is the cathode, and the sustain drive voltage 
waveform s and erase drive voltage waveform e for the Y 
electrode are not pulsed, but are each held at a constant DC 
voltage level within each period T. As for the memory display 
function, the symbols in Figure 9 (b) correspond to the same 
symbols in Figure 9(a), and the write, sustain, and erase 
operations are performed in exactly the same manner as 
described above. 

[0009] Figures 9(a) and 9(b) have each shown the case where 

the sustain pulse period is equal to the write pulse 
interval Tw between each row, but generally they need not 
necessarily be set equal to each other. The following 
description deals with the case where Tw - Tg, and both are 
represented by T . In Figures 9(a) and 9(b), the operation of 
the entire display panel is clearly shown by joining the 
positions of the write pulses w and erase pulses e diagonally 
across the rows. In Figures 10(a) to 10(c), a prior art 
display panel driving method for displaying an N-bit grayscale 
using N subfields is shown in time chart form on a subfield- 
by-subfield and a field-by- field basis. The figures 
illustrate the case of displaying a 6-bit {N=6) grayscale, and 
the horizontal axis represents the time and the vertical axis 
the position Y^ (k = 1 to K) of each row where K is the number 
of rows in the display panel. V designates one field of a 
television image signal, and Ub (b = N-1 to 0) represents 
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subfields into which the field V is divided, the subscript b 
indicating the subfield to reproduce the display brightness 
weighted with 2^ in accordance with the bit plane number 
indicated by the subscript b. 

[0010] In each subfield Ub, first a row write scan 

indicated by a diagonal line WRTb is performed, then the 
display cells to which writing has been done are caused to 
emit light by the sustain operation during the period Sb 
indicated by a double line in each subfield Ub, and the light 
emission period is caused to end by the row erase scan 
indicated by a diagonal line ERSb . The time required for 
scanning is Z = K'T. The same cycle of operation is repeated 
for each subsequent subfield Ub; here, by setting Sb/Sb-i = 2, 
64 levels of gray corresponding to 6 bits can be displayed. 
The earlier described erase operation is performed during the 
non-emission period staring at the end of the sustained light 
emission and lasting until the next write operation is 
initiated. The symbols Ub, Sb, Z, etc. used here not only 
represent the names they stand for, but also indicate the 
durations of the respective periods. When the sustain period 
duration So in the subfield Uq corresponding to the LSB of the 
display data is the smallest value T, the sustain operation is 
performed only once in the subfield Uq . Here, So/T = M, and M 
is called the sustain factor. In a self-luminous display 
panel, when M > 1, generally a display brightness higher than 
when M=l by a factor of M is obtained. 

[0011] Figures 10(a) and 10(b) each show the simplest case 

where the field length V is simply divided into N equal parts 
each representing the length of one subfield Ub, i.e., the 
subfield length is 1/N of the field length; Figure 10(a) shows 
the case where the time Z required for the row scan is shorter 
than the subfield length Ub because the number of rows, K, in 



-1 1- 




the display panel is small or because the driving speed is 
high enough, and in a subfield corresponding to a bit near the 
LSB, since the non- emission period from the end of the sustain 
operation to the start of the next write operation is 
relatively long, the sustain factor, that is, the maximum 
brightness, cannot be set large. 

[0012] Conversely, Figure 10(b) shows the case where the 

scan speed is reduced to an allowable limit because the number 
of rows, K, in the display panel is large or because the 
driving speed is not high enough, or for both reasons; here, 
the driving conditions for scanning dictate that the next 
write scan cannot be started before the present write scan is 
completed, that is, the conditions require that Z < Ub . In 

the illustrated example, Z *=. Ub, allowing no margin for the 
write scan period in any subfield. 

[0013] On the other hand, in the case of Figure 10(a), if 

the relatively long non- emission period is shortened within a 
range that does not cause the write scan period to overlap 
into the write scan period in the next subfield, the duration 
of the sustain period in the subfield corresponding to a bit 
near the MSB (b=N-l) can be increased correspondingly, as 
shown in Figure 10(c). In this driving method, the subfield 
length Ub is dependent on the relationship between the write 
scan period Z and the sustain period length Sb; that is, of 
the period lengths Z and Sb, the longer period provides the 
subfield length Ub. For example, in the MSB in Figure 10(c), 

S5 > Z, so that Us '=. S5. On the other hand, in the subfield Ui, 
Z > Si, so that Ui *=. Z. 

[0014] To summarize the prior art grayscale display driving 

method for a memory type display panel, in the case of a 
display panel having a relatively small number of rows, there 
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is a margin for the driving conditions as shown in Figures 
10(a) and 10(b), but in the case of a large-screen display 
panel having a large number of rows, the panel must be driven 
so that the write scan is completed in a shorter time than the 
scan period Z that is automatically determined by the number 
of rows, K, in the display panel and the number of bits, N, 
representing the grayscale to be displayed. 
[0015] 

[Problems to be Solved by the Invention] As is apparent from 
the above description, the necessary driving speed increases 
as the number of rows increases; this relationship is shown 
quantitatively in Figure 11. In the figure, the horizontal 
axis represents the number of rows, K, in the display panel, 
and the vertical axis represents the maximum allowable sustain 
drive period T, with the sustain factor M talcen as a parameter. 
The straight line for M=l indicates that the subfield length U 
is determined when the write scan period is determined; that 
is, when the field length is denoted by V, and the number of 
display bits by N, the subfield length U is approximately 
equal to V/N, so that the maximum value T^max of the write 
access time allowed for each row is given by U/K, that is 

Twmax = V/K'N 

In actuality, a certain length of time must be secured for 
erasure, but since the required value varies depending on the 
display panel used and the driving conditions, the erase 
period is not considered in the above equation as well as in 
Figure 11. In the figure, the period T varies greatly 
depending on the sustain factor M in a region where the number 
of rows, K, is small, because the length of the sustain period 
S is a dominant region there, as shown in Figure 10(c); on the 
other hand, the fact that the curves converge to M=l in a 
region where the number of rows, K, is large, indicates that 
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the write scan period length Z is a dominant region there. 
Thus, the figure clearly shows that the driving conditions 
become extremely stringent when the number of rows, K, is 
large . 

[0016] For example, if an 8-bit grayscale is to be achieved 

for a 1000-line display panel, it is required that period T *=. 

2 jus, but in the case of a large-screen display panel that 
contains large stray electrode capacitances and requires a ^ 
high driving voltage of 200 to 300 V, this value of the period 
T is not easily attainable. Assuming that the period T = 4 jas 
is the limit of the driving speed, it is seen that the limit 
to the number of lines that can be driven in a display panel 
is about 500 lines. 

[0017] On the other hand, from the viewpoint of the driving 

conditions for the display cells forming the display panel, 
since the display cells have unique characteristics of their 
own, as a matter of course it is desirable that the display 
cells be driven using driving conditions that best match their 
characteristics. That is, it is desirable that great freedom 
be provided for selection when setting the driving conditions. 

[0018] However, as described above, in the prior art 

driving method for a memory type display panel, the driving 
conditions for a large- screen display panel having a large 
number of rows or lines are determined almost automatically by 
externally given conditions, or the driving conditions are 
stringent, thus leaving no alternative but to drive the panel 
using minimal driving conditions; as a result, from the 
viewpoint of utilizing the characteristics of the display 
cells, the prior art has only been able to provide a driving 
method under extremely undesirable conditions. 

[0019] An object of the present invention is to solve the 
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above problem of the prior art, and provide a driving method 
that can relax the driving conditions when achieving grayscale 
for a memory type display panel that apparently has no freedom. 
[0020] Another object of the present invention is to 

provide a driving method for a memory type display panel, that 
enables the setting of operating conditions capable of 
utilizing the characteristics of the display cells to the full, 
and allows greater freedom for the selection of driving 
conditions capable of improving the light-producing efficiency. 
It is a further object of the invention to provide a driving 
method for a memory type display panel, that can drive a 
larger- screen display panel for the same driving conditions, 
[0021] In one prior art driving method that achieves the 

relaxation of the driving conditions as intended in the 
present invention, the column electrode array is divided into 
two halves along the center of the display panel, and the two 
halves are independently driven from the upper and lower sides, 
thereby reducing the necessary driving speed by half, but this 
driving method has the shortcoming that the number of column 
electrode leads and the amount of driving circuitry are 
doubled . 

[0022] Still another object of the present invention is to 

provide a driving method for a memory type display panel, that 
achieves the relaxation of the driving conditions without 
requiring any modifications to the panel construction and 
without a substantial increase in the amount of driving 
circuitry . 

[0023] When using a gas discharge display panel, in 

particular, a DC panel, to display television images, the 
effect of priming from independent auxiliary discharge cells 
to display cells is usually utilized to increase the operating 
speed of the display panel itself; in this case, the auxiliary 

-1 5- 




discharge cells are scanned vertically over all the rows 
regardless of the image data to be displayed, but since this 
vertical scanning is also performed using the priming effect 
from the auxiliary discharge cells in one row to the auxiliary 
discharge cells in the next row, it cannot be said that the DC 
gas discharge display panel is suitable for interlaced 
scanning. As a result, it has traditionally been practiced to 
display television images by line sequential scanning, and for 
this purpose, the input television signal has had to be 
converted from the interlaced scanning signal to the 
sequential scanning signal, but when displaying a high 
definition television image, this imposes an extremely great 
burden on the circuits. 

[0024] On the other hand, in the case of an AC gas 

discharge display panel, since there is an example in which a 
monochrome display panel using neon gas is implemented 
employing a random- access scan method, one may think that it 
is easy to display a television image by interlaced scanning, 
but it is unknown whether interlaced scanning can be achieved 
for color display by simply driving every other line, because 
the conditions are different from the above example, that is, 
in the case of color display, the fill gas is different, there 
is a need to provide barriers between display cells, as in the 
case of the DC display panel, to prevent color mixing from 
being caused by UV emission exciting the phosphors on adjacent 
cells, a high speed operation is needed to display a 
television image, and so on. 

[0025] In the above description, it has been explained that 

the memory type display panel uses sequential scanning because 
it is not suitable for interlaced scanning, but actually, 
there is another constraint, which is the display brightness. 
That is, for the reason that the light - emission time allowed 
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within one frame is reduced by half in the case of full 



interlaced scanning, sequential scanning is employed to 
maintain the necessary display brightness. 

[0026] Accordingly, yet another object of the present 



invention is to provide a driving method for a memory type 
display panel, wherein the interlaced scanning to sequential 
scanning conversion, which could impose a great burden 
especially in the case of high definition television image 
display, can be omitted without entailing degradation in 
display brightness . 



display panel driving method of the present invention, when 
displaying a television image on a memory type matrix display 
panel having a memory function, the row electrodes of the 
display panel are divided into two groups, an odd- row group 
and an even- row group, and writing is performed by sequential 
scanning, as is done in a conventional system, but erasure is 
performed by driving the electrodes using a different control 
signal for each group, thereby achieving the reproduction of 
different brightnesses for the different groups in the same 
subfield; while employing such a driving method, display data 
is divided into a high-order bit group and a low-order bit 
group, with provisions made to display the high-order bits on 
corresponding lines in each field in interlaced scanning of an 
input television image signal and the low-order bits on the 
same lines in the next field, thus making it possible to 
assign the actual display time only to the high-order bits and 
display the low-order bits within the time frame assigned to 
the high-order bits, and thereby achieving a reduction in the 
apparent number of subfields within each field to one half or 
nearly to one half. 



[0027] 



[Means for Solving the Problems] 



That is, in the memory 
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[0028] 

[Mode of Operation] Thus, according to tlie present invention, 
without making any changes to the construction of the memory 
type display panel, but by driving the panel in a slcillful 
manner, various operating conditions can be relaxed 
significantly while drastically increasing the grayscale 
display brightness of a television image signal. 

[0029] 

[Embodiments] Embodiments of the present invention will be 
described below with reference to drawings. Figure 1 shows 
the basic principle of a driving method for a memory type 
display panel according to the present invention. In the 
figure, (k = 1, 2, ...) indicates the operating state of 

the k-th row in the display panel, a single line designating a 
non-emission period and a double line a sustained emission 
period. Therefore, at least during the double- line period, 
each row is driven for sustained emission. Dashed diagonal 
lines indicate write drive (WRT, WRT') and erase drive (ERS, 
ERS ' ) scans. In the illustrated example, symbols with 
indicate driving for even - numbered rows, and symbols without 

indicate driving for odd-numbered rows. That is, writing 
is done in the same manner as practiced in a conventional 
system, and the rows are driven for writing in sequence, such 
as the first row in the drive period Ti, the second row in the 
drive period T2, and so on. Next, if all the rows are driven 
for erasure, that is, scanned for erasure, for example, on the 
ERS dashed line, the driving method would be exactly the same 
as that employed in the conventional system; however, in the 
present invention, the odd-numbered rows are scanned for 
erasure, for example, on the ERS dashed line, and the even- 
numbered rows are scanned for erasure on the ERS' dashed line. 
As a result, in the illustrated example, for the first row. 
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the driving for erasure is started in the period Txi and the 
sustained emission period lasts for 16T, while for the second 
row, the driving for erasure is started in the period T4 and 
the sustained emission period lasts for 2T, and the sustained 
emission periods of 16T and 2T are repeated in alternating 
fashion for the subsequent rows. 

[0030] In other words, in the driving method shown in 

Figure 1, if the sustain factor is 1, bit 4 of display data 
(bits 0, 1, ...) is displayed on each odd-numbered row, and 
bit 1 is displayed on each even - numbered row. Bit allocation 
is not limited to the illustrated example, but can be set 
arbitrarily, and it is of course possible to interchange the 
odd-numbered rows with the even - numbered rows for driving. 
[0031] Whether the driving method of Figure 1 is feasible 

or not is in principle determined by the characteristics of 
the display panel used, and as a display panel characteristic 
that limits the feasibility, one must consider the case where 
the operation of the preceding row affects the operation of 
the next row; a typical example of this is the case of a gas 
discharge display panel. That is, in a gas discharge display 
panel, in particular, a DC gas discharge display panel, since 
high-speed driving is achieved by utilizing the effect of 
priming as is well known, it is difficult to achieve high- 
speed writing by random access or interlaced scanning; 
accordingly, a driving method that performs a write scan in a 
line sequential manner using auxiliary discharges is the 
method that suits the gas discharge display panel, but there 
is no reason that erasure should also be performed in a line 
sequential manner. Accordingly, while it is necessary to 
generate an auxiliary discharge in advance near the display 
cell to be written to so that the discharge can be started 
quickly, the erasure of the discharge does not require such a 



-1 9- 




preliminary auxiliary discharge action, and the method of the 
present invention can therefore be implemented exactly as 
illustrated above without any problem. 

[0032] If the display cells are such that they cannot be 

erased or cannot be maintained in the OFF state depending on 
the state of the display cells in the preceding row, the 
driving method illustrated above cannot be applied, but none 
of the display cells commonly used in prior known systems have 
such characteristics, and as long as binary memory display is 
possible, the ON state or the OFF state can be maintained 
regardless of the state of the preceding row; therefore, 
characteristics that render the application only to erasure 
impossible are generally hard to imagine. 

[0033] As a specific example of the display operation 

illustrated in Figure 1, drive voltage waveforms and light- 
emission waveforms for an AC display panel are shown in Figure 

3 corresponding to Figure 9(a), and drive voltage waveforms 
and light - emission waveforms for a DC display panel are shown 
in Figure 4 corresponding to Figure 9 (b) . Though the number 
of sustained light emissions is different between Figure 3 or 

4 and Figure 9(a) or 9(b), respectively, it is apparent that 
the display brightness that differs between the odd- and even- 
numbered rows can be achieved by the driving method 
illustrated here. 

[0034] Next, the configuration of a prior art driving 

circuit apparatus for driving a memory type display panel of 
the type first described is shown in generalized form in 
Figure 12 (a) , and drive voltage waveforms for the display 
panel are shown in Figure 12 (b) . In the driving circuit 
apparatus shown in Figure 12(a), P indicates a display panel 
which comprises driving electrodes arranged as shown in Figure 
2, and the driving circuit for driving the display panel P is 
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constructed by combining AND gates, high-voltage driving 
circuits (DR) , high-voltage pulse mixing circuits, and shift 
registers Rw, Rs. and Re for creating write, sustain, and erase 
scan signals, respectively. Display data is stored in a latch 
L, and a high-voltage write pulse, created by ANDing the 
display data with a write strobe pulse Wqo and output from 
each column electrode driving circuit DR, is mixed with a 
sustain pulse S and applied to each column electrode X. On 
the other hand, for each row electrode Y, the shift registers 
R„, Rs, and Rg are used for the write, sustain, and erase scans, 
respectively; the shift registers create sequential output 
drive signals Wqi, wo2/ Sqi, S02, and eoi, eo2. 

respectively by sequentially shifting the respective input 
drive signals Wq, Sq, and eo by a clock pulse period T, then 
the sequential output drive signals are ANDed with the 
respective strobe pulses Wqo* Soo. and eoo to create sequential 
scan pulses Wi, W2, ... such as shown in Figure 12(b), and the 
scan pulses are sequentially mixed with scanning high-voltage 
pulses in the respective high-voltage pulse mixing circuits 
and applied to drive the respective row electrodes Y. The 
write strobe pulse Wqo shown in Figure 12 (b) is a pulse train 
with the same clock period T as the write strobe pulse wqo 
shown in Figure 12(b). In the circuit diagram, polarity is 
not shown. Logic level is set to 1 for the period that the 
named function is to be executed, or for the period that 
contains the execution of the function. The logic levels 0 
and 1 are expressed as 0^ and 1l, respectively. The high- 
voltage pulse mixing circuits are circuits that comprise 
registers and diodes and that mix a plurality of scanning 
high-voltage pulses; when mixing ternary pulses (0, positive, 
and negative) , there are cases where the positive and negative 
pulses are mixed separately, and such cases are also included 
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in the illustrated diagram. 

[0035] In the case of the drive voltage waveforms for the 

prior art AC display panel shown in Figure 9 (a) , the sustain 
pulse S is applied in common to all the rows simultaneously; 
since this corresponds to the case where Sq = 1l and Sqo ^ S in 
the circuit configuration shown in Figure 12 (a) , the sustain 
scan shift register Rs is omitted and the circuit 
configuration shown in Figure 13(a) results. In the case of 
the drive voltage waveforms for the pulsed memory driving of 
the prior art DC display panel shown in Figure 9(b), since all 
the scan pulses except the write scan pulse w are simple 
binary pulses, if a high-voltage pulse mixing circuit 
configured to preferentially output the write pulse Wq or a 
combination of a driving circuit and such a mixing circuit is 
used in the circuit configuration shown in Figure 12 (a) , eo 
can be made equal to -^Sq where is a logical NOT, but 
provision must be made to prevent the write pulse from 
shorting to other outputs upon the preferential output of the 
write pulse; further, when eo = ~So, either one of the sustain 
scan and erase scan shift registers Rs and Re can be omitted, 
as shown in Figure 13(b), when a two - potential output driving 
circuit BHDR is used that can output two values of the sustain 
potential and erase potential. In Figure 13(b), the single- 
potential output driving circuit SDR, provided in combination 
with the two-potential output driving circuit BHDR, produces a 
specific potential output when ON, and is open when OFF. 
However, DR in Figure 12 (a) generally indicates a driving 
circuit, and does not define its internal configuration. 

[0036] In contrast with the common prior art configuration 

of the memory type display panel driving circuit apparatus 
shown in Figure 12, the present invention can achieve the 
display operation of Figure 1 using, for example, the driving 
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circuit apparatus of the configuration shown in Figure 5. In 
the driving circuit apparatus of the configuration shown in 
Figure 5, the row electrode driving circuit system is divided 
into two groups, one for the odd- numbered rows and the other 
for the even-numbered rows, and the input drive signals Sq and 
eo to the sustain scan and erase scan shift registers in the 
prior art apparatus shown in Figure 12(a) are divided in the 
present invention into input drive signals Sio, S20 and eio, e2o 
respectively, whose values can be set differently between the 
odd- and even - numbered rows so that the sustained emission 
period length can be set separately for the odd- and even- 
numbered rows. Accordingly, in the configuration of the 
present invention shown Figure 5 which drives each scan shift 
register with a clock pulse of the same period T as that used 
in the prior art configuration shown in Figure 12 (a) , the 
output of each scan shift register is used for every other bit 
that is, for an odd -numbered row or an even - numbered row, 
respectively. Figure 5 has shown the basic configuration of 
the driving circuit apparatus according to the present 
invention, and in practice, various modifications for 
simplifying the circuit configuration are possible. For 
example, in Figure 5, since the input and output are exactly 
the same between the odd-number row write scan shift register 
Rwi and the even - numbered row write scan shift register R„2/ it 
will suffice for the purpose if the output of one or the other 
of the registers is used. Furthermore, simplification of the 
circuit configuration, such as the simplifications from Figure 
12(a) to Figures 13(a) and 13(b), is also possible. Moreover, 
if each one phase of a two-phase clock pulse of period 2T is 
used for driving each of the odd-numbered row scan and even- 
numbered row scan shift registers, the number of bits in the 
shift registers as a whole does not increase compared with the 
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prior art configuration since all the bits output from each 
shift register can be used for scanning. In such two-phase 
clock driving, the minimum value of the sustained emission 
period length is 2T, but as will be described later, this does 
not present any practical problems. 

[0037] The above description has dealt with the circuit 

configuration in which the row electrodes are divided into two 
groups, but it is also possible to divide them into three 
groups. The following description also deals with the case 
where the row electrodes are divided into two groups. 

[0038] A specific example of how grayscale display is 

implemented in accordance with the basic principle illustrated 
in Figure 1 is shown in Figure 6 . This figure corresponds to 
Figure 10 which showed a prior art implementation of grayscale 
display, but major differences are that while a sequential 
scanning signal is used in the example of Figure 10 for 
display, an interlaced signal is used in the example of Figure 
6, that in the example of Figure 6, the number of subfields in 
one field is reduced to one half of that in Figure 10, and 
that the subfield corresponding to the low-order bit is made 
to temporally overlap a subfield in the next field. Shown in 
Figure 1 is an enlarged view of a portion of the subfield Ui 
in Figure 6 . 

[0039] Figure 6, as in Figure 10, shows an example for 

achieving 6 -bit grayscale; of the double lines showing sustain 
periods and the diagonal lines showing erase scans, the lines 
indicating the display operations for displaying data of field 

1 on odd- numbered lines are shown by solid lines and the lines 
indicating the display operations for displaying data of field 

2 on even-numbered lines are shown by dashed lines. More 
specifically, of the data for the odd-numbered lines in field 
1, for example, the high-order three bits (b ^ 5 to 3) are 
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displayed on the odd - numbered lines in the subfields U2 to Uq 
in field 1, but the remaining three bits (b = 2 to 0) are 
displayed on the same odd-numbered lines in the subfields U2 
to Uo in the next field 2. On the other hand, the high-order 
three bits of the data in field 2 are displayed on the even- 
numbered lines in field 2, while the low-order three bits are 
displayed on the even - numbered lines in field 1. Accordingly, 
in each field, by switching the data between the high-order 
bits of that field and the low-order bits of the preceding 
field from one line to the next, data corresponding to the 
respective lines are synthesized and displayed in the same 
subf ield . 

[0040] Figure 6 has shown the case of displaying 6-bit 

grayscale as an example, but it is apparent that the number of 
bits to be displayed is irrelevant to the essential character 
of the driving method of the invention. Further, Figure 6 has 
shown the case where the six bits are divided into groups of 3 
bits and the low-order three bits are assigned to the next 
field, but the method of dividing the six bits between the 
fields is not limited to the illustrated example; for example, 
the six bits may be divided into the high-order four bits and 
low-order two bits. With such dual setting of the sustain 
period, since the upper half of all the bits need only be 
assigned to one field from the viewpoint of time assignment, 
the period T in the basic operation can be increased up to 
about two times. 

[0041] In Figure 6, the bits are arranged in order of 

decreasing weight, because it is considered that when 
displaying a moving image, it is desirable to display the bits 
in the order of brightness, the brightest one first. However, 
the bits may be arranged in a random order, if necessary. 
[0042] The drawbaclc of the driving method of the present 




invention is that since the brightness is reproduced over two 
fields, when displaying a television image a phenomenon 
similar to afterglow may occur depending on how the bits are 
assigned. The degree of afterglow is roughly 1/16 (6%) of the 
maximum brightness when the number of subfields actually set 
is four, and about 3% when the number of subfields is five. 
[0043] When displaying a television image on a memory type 

display panel, to facilitate the driving of the display panel 
the signal format must be converted before transferring the 
signal to the X- electrode driving circuit. The following are 
the main points of the conversion. 

(1) Per-bit display data is transferred for each subfield. 
(2) Since display data for all the display cells in one 
row must be transferred to the X-electrode driving circuit 
within write time Tw allowed for each row in the display panel, 
the data must be transferred at high speed; usually, the data 
are transferred in series if they can be transferred within 
the allowed time, otherwise the data are divided into a 
plurality of groups and transferred in parallel. 

The signal format conversion is usually performed using a 
frame memory. 

[0044] A configuration example of the signal conversion 

circuit used for creating the television signal display 
illustrated in the example of Figure 6 is shown in Figure 7 . 
In the configuration shown, MHi, MLi and MH2. MLa are two pairs 
of field memories for an odd field Fi and an even field F2, 
respectively, and the letters H and L indicate that the 
memories are for the high-order bit group Dh and low-order bit 
group Dl, respectively, into which all the bits of the display 
data have been divided as previously described. FDL is a 
field delay element used for the low-order bit group; 
typically, a memory is used. Li and L2 indicate an odd- 
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numbered line and an even- numbered line, respectively, of the 
display panel, and switches Si to Ss are each used for 
selecting the corresponding contact during the period 
corresponding to the specified field or line. WRT is a write 
pulse to each field memory, and Djn, Dqut/ and WE are a data 
input, data output, and write pulse input on each memory 
device. The outputs of the field memories are read out 
parallelly in groups the number of which is equal to the 
number of parallel transfers described in item (2) above, but 
not explicitly shown here. 

[0045] According to the configuration of Figure 7, in an 

odd field, the high-order bit group of the data of the odd 
field is read into the memory MHi, while the low-order bit 
group of the data of the preceding even field is read into the 
memory ML2 ; in the meantime, each time an even - numbered line 
is selected by the write scan of the display panel, the high- 
order bit group of the even- field data is read out of the 
memory MH2 , and in each of the subfields U2 to Uq in field 1 in 
Figure 6, data of bits 5 to 3 are sequentially transferred to 
the driving circuit. On the other hand, in the succeeding 
even field, data are read out of the respective memories MHi 
and MH2; here, for the even - numbered lines, the low- order bit 
data of the field before the preceding field, i.e., an odd 
field, are read out of the memory ML2, and in each of the 
subfields U2 to Uo in field 2 in Figure 6, bits 2 to 0 are 
transferred to the driving circuit. From the description 
given above, it can be seen that the even - numbered lines are 
driven over the two fields by using the six-bit data of the 
same input field. For the driving of the odd-numbered lines, 
the terms even and odd in the above description should be 
interchanged with each other. 

[0046] In Figure 7, if the delay element FDL is omitted, 
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the memories MLi and ML2 are interchanged with each other, the 
memories MHi and MLi and the memories MH2 and ML2 are 
respectively combined as frame memories, and the memory output 
switches Se and S7 are omitted, then the result is the 
conversion circuit for the prior art driving method. That is, 
the frame memories in the prior art conversion circuit can be 
used as the field memories in the conversion circuit of the 
present invention, the capacity of the main memory device can 
be reduced by half. Though the field delay element FDL as a 
memory for the low-order bits has to be provided, the total 
required memory capacity is nevertheless reduced, since the 
FDL only requires a memory just enough to hold the low-order 
bits. Furthermore, while many parallel outputs have to be 
taken from the main memory, as previously described, the FDL 
need only delay the input signal and is therefore far simpler 
in configuration. As described above, according to the 
television image signal conversion circuit for implementing 
the driving method of the present invention, the memory 
capacity can be reduced drastically, although the 
configuration becomes a little more complex. 
[0047] 

[Advantageous Effect of the Invention] Figure 8 shows, in the 
same format of Figure 11, an example of the maximum allowable 
drive period versus the number of rows in the display panel 
when the driving method of the present invention is used. 
Figure 11 has shown the case where one field is divided into 
eight subfields to achieve an 8 -bit display; on the other hand. 
Figure 8 shows the case where one field is divided into four 
subfields and an 8 -bit display is achieved with two fields. 
To compare the brightness of the grayscale display obtained, 
the number of sustained light emissions per frame must be 
considered, and to compare it with the number of sustained 
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light emissions per field in the prior art method, if one half 
of the number of sustained light emissions in the LSB of one 
frame period is defined as the sustain factor 
[Outside Character 1] 
/M 

then in the prior art driving method 
[Outside Character 2] 
M = /M 

and its minimum value is 1. On the other hand, in the driving 
method of the present invention that provides the 
characteristics shown in Figure 8, the minimum value of the 
sustain factor 
[Outside Character 3] 
/M 

is 1/2. As is apparent from a comparison between the 
characteristics of the two methods, the straight line for the 
minimum value of the sustain factor 
[Outside Character 4] 
/M 

that is, when the sustain operation period in LSB is equal to 
the drive period T, shows that in the characteristics shown in 
Figure 8, the value of the drive period T for the same number 
of lines is simply twice that in the characteristics shown in 
Figure 11, but as the sustain factor 
[Outside Character 5] 
/M 

increases, the ratio of the drive period values T tends to 
become smaller than 2. However, in cases where the number of 
lines is larger than the number of scan lines in the standard 
television system and the sustain factor 
[Outside Character 6] 
/M 
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is not very large, i.e., 8 or less, the driving speed can be 
reduced to about one half. 

[0048] As typical examples of the above case, the standard 

television system and high definition television system are 
considered, and the number of effective scan lines is 480 and 
1035 for the respective systems. 

[0049] In the standard television system, if the sustain 

factor is 

[Outside Character 7] 
/M = 1 

then in the prior art driving method, the drive period T is 
given as T < 4.3 |is from the characteristics shown in Figure 
11, while in the driving method of the present invention, it 
is given as T < 8 . 6 jus from the characteristics shown in 
Figure 8. On the other hand, in the high definition 
television system, if the sustain factor is likewise 
[Outside Character 8] 
/M = 1 

then T < 2 . 0 ^s in the prior art method, compared with T < 4.0 
|Lis in the method of the present invention. 

[0050] Next, when a comparison is made by assuming that the 

maximum possible drive period T is 4 jiis, then in the standard 
television system the sustain factor 
[Outside Character 9] 
/M 

is 6 at maximum in the prior art method, compared with 8 at 
maximum in the method of the present invention. On the other 
hand, in the high definition television system, the sustain 
factor becomes unrealizable in the prior art method, but in 
the method of the present invention, the sustain factor is 
realizable up to 
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[Outside Character 10] 
/M = 4 

[0051] When the application of the present invention is 

focused mainly on the high definition television system, the 
advantageous effects of the present invention can be 
summarized as follows: 

(1) While high speed driving with a drive period of 2 jUs 
has been required in the prior art driving method, the driving 
method of the present invention allows the display panel to be 
driven with a drive period of 4 jus . In particular, in the 
case of a gas discharge display panel which requires a high- 
voltage driving circuit that is not easy to operate at high 
speed, what has been unrealizable in the prior art becomes 
realizable in the present invention. 

(2) In the case of a gas discharge display panel, if a 
high definition television image is to be displayed on a 1000- 
line display panel by the prior art driving method, it would 
be advantageous to divide the row electrode array into two 
halves along the center of the display panel and to drive each 
row electrode with a 4 -jus drive period from both the upper and 
lower edges, but according to the driving method of the 
present invention, driving with a 4 -/is drive period becomes 
possible without having to divide the row electrode array into 
two halves or double the number of high-voltage driving 
circuits . 

(3) If dividing the row electrode array into two halves 
and doubling the number of driving circuits are allowed, the 
drive period can be extended up to 8 jis for driving a 1000- 
line display panel, and this allows the conditions, such as 
the gas composition and fill gas pressure, to be set at 
optimum points for light -producing efficiency to the extent 
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that the drive period of 8 |Js permits. 

(4) If dividing the row electrode array into two halves 
and doubling the number of driving circuits are allowed, a 
2000-line display panel can be driven with a 4-|Lis drive period 
by the driving method of the present invention. In many cases, 
two row electrodes are provided for each pixel containing 
three to four color dots; in such cases, 2000 row electrodes 
are required in order to faithfully reproduce 1000 scan lines, 
except the case where each dot in each pixel has an 
independent column electrode. Accordingly, when the driving 
method of the present invention is applied, it becomes 
possible to drive a high definition television display panel 
having such a final structure. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Figure 1] Figure 1 is a time chart showing the basic 

principle of a driving method for a memory type display panel 
according to the present invention. 

[Figure 2] Figure 2 is a diagram schematically 

illustrating the arrangement of display cells in a matrix 
display panel. 

[Figure 3] Figure 3 is a waveform diagram showing examples 

of drive voltage waveforms and light- emission waveforms when 
causing an AC gas discharge display panel to perform a memory 
display operation by the driving method of the present 
invention . 

[Figure 4] Figure 4 is a waveform diagram showing examples 

of drive voltage waveforms and light- emission waveforms when 
causing a DC gas discharge display panel having a pulse memory 
function to perform a memory display operation by the driving 
method of the present invention, 

[Figure 5] Figure 5 is a diagram showing a configuration 

example of a scan driving circuit according to the driving 
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method of the present invention. 

[Figure 6] Figure 6 is a time chart showing an example of 

how grayscale is achieved for a memory type display panel by 
using the driving method of the present invention. 

[Figure 7] Figure 7 is a diagram showing a configuration 

example of a signal conversion circuit for achieving grayscale 
for a television image by using the driving method of the 
present invention . 

[Figure 8] Figure 8 is a characteristic curve diagram 

showing upper limits of the drive period for 8 -bit grayscale 
display according to the driving method of the present 
invention . 

[Figure 9] Figures 9(a) and 9(b) are waveform diagrams 

each showing examples of drive voltage waveforms and light - 
emission waveforms when causing an AC gas discharge display 
panel or a DC gas discharge display panel, respectively, to 
perform a memory display operation by a prior art driving 
method . 

[Figure 10] Figures 10(a), 10(b), and 10(c) are time charts 

showing a prior art implementation of grayscale display for a 
memory type display panel. 

[Figure 11] Figure 11 is a characteristic curve diagram 

showing upper limits of the drive period for 8 -bit grayscale 
display according to the prior art driving method. 

[Figure 12] Figures 12(a) and 12(b) are a circuit 

configuration diagram and a waveform diagram showing 
respectively a generalized configuration of a scan driving 
circuit and examples of operating voltage waveforms according 
to a prior art memory type driving method. 

[Figure 13] Figures 13(a) and 13(b) are diagrams showing 

configuration examples of AC and DC gas discharge display 
panels, respectively, according to the prior art memory type 
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driving method. 

[DESCRIPTION OF THE REFERENCE CHARACTERS] 
Dki . . . display cell 

DR ... high-voltage driving circuit 
Rw . . . write scan shift register 
Rs ... sustain scan shift register 
Re ... erase scan shift register 
P ... display panel 
L ... display data latch circuit 

SDR . . . single -potential output driving circuit 
BHDR . . . two-potential output driving circuit 
FDL . . . field delay circuit 
MH, ML , , . field memory 
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n^2K±©Sg»i:f-5n-lff*3#®ffmffi& 

a. snare n;tifi*i^t®coi^j$sg 

)ss i: LTmmzm:kizmmmoimf)m j; -s c u 

[K^Jg 3 ] ffiiSoai^ L n 7 ^ -;U F 1 
rem n PwfiS n 7 -I" HToO^^if-f ^ )V^Wl& 

W!mnm<onmm^m\z. ^^mmifrnKm-^^mf 

±mXnmom^mm^^^X. A»t3S;^mX n 

:/7 ^ H ® 0 o n-fe;K^)^^)^^t 2 jH^S 

[^^JB4] 2 : 1 ^-f >'r>5'-^-XUfc5^Hf 
>'3>M^*A:^tU fT«@^£lfffc#co2iflcK^^ 
titthizmm5'-:S'^±fiL\^yY-mt±i(L\^ym 
jzr)}fyhmifiS'<U\,'>T&.}d'yhmt\ZS.^h, 17 

m^<D±&}£yhm^mim<Dmzm^L, miy>(- 
;PHTttll2®7>c-;i/FfflA*m^o±fi:if h»s- 

\zmmt^ z.t.\zi: r,^-:rv ^ H&sfiM ufc ;i t 




(2) #18^4-2 9 9 3 8 5 

2 

1 fT*3# ® 2 »»CK»t--5 1 i: t> CH^x-^' S:±0:lf 

hif (i:CEi)-U 1 7 -JV FSS± 

fit:-;; h»t(g&fcntl8^b. l^-ATtt^ 1 ® 

7 ^-AA*M^®±fit hssr^ 1 mnmzwht 

^i:i:'b(cTfiVf-y h»S^2»®fTlC«^U fflSc7 
I— AT«^2®7l/-AA;fjM^©±&fc:-y h»^^ 
2»®ff(cS^-rsitfctcTfiHi/ hp?&®l»®ff 

^^yi:^^;i/®Ki!i^fj£. 

•5W*:^3, 4SS:«5fB«®;>t*'Jl!S*/t^;i/®]S 
i:S:#Sifrs^*]13. 4Sfctt5ia«®^* US!g 

s^/i^;i^®|gf!i:5i£o 

■e®fijsE0^ll^&fflv»Tls^]K»ii»£iiJra$-a:fc ;i t 

50 Si^lSt-r-5tt*:B3, 4Sfctt5iE«®pl*'JS^^ 
^#iifrsa^JB3, 4*/ttt5SiE®^*'JS!^^ 

;i^;i.®ats,;5fc 

^®fiji®S4«<£fflV»TAA7"Hfv3 >m-^OMSU 
^^3, 4Sfctt5iB«®^t«JMS^n:^;l.Offiii:5 

40 S. 13. ■t}-:/7^'-;i^HS:SiSM-r-5ttt)t-e®<EiE 
< i:*>t>Ttl;*> IJBIce®©^^ 'JS!^a^/t:?i;i'©ffiIS 

[0 0 0 1] 

;V©ffiSi;?ffilCHL, 1$tC. 2fll;<t'Jffite^^L. * 

tz.\%. ¥m-^ ntz ;* * u s!^^/^*;i^® *[aiis^©fc 

50 [0 0 0 2] ;<t'J^^^/'«4^;V®^PlfB 
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(3) 

3 

Lfth(Di!$>o. fi^f)^^mW}-^mt:mmt^tth\z. 

h\txi3r-u\fmmn(Dmmv^^\z^y^ 

^-)v\'rm-n\zm^'r^z,t\z^Ki. ±&:}dyhtd 
mzmmommmm^m^r. y&\fyh\t±u\^yh lo 

Yno^^V^±.(D^^y^-)VYWi^^WL^tc\t^mz 

[0 0 0 3] m^^^:fy>(-)\'YWi(DW>\zi.^xh 
^^WL^t>'^tzmmm^t\^^o\zw^)\^}]^. m% 

[0 0 04] 

m^omm m7^±)v^rrm{zMmLrz^h^)!7y.m 
ytmt^mmi)^$>^if}\ ^^m(Dm\z%^^^jmm^% 

it. j^mmo^it. 3b^^^\t^n^<D&\z^^m^^fsiE 
xmm^^^r^c KT. mm\tm^m\z^\^^xnu 
^t^. ^^cDON. OFF (DWii^^m^M^^^'^tii^i^mm 
{z'o^^xh^^^m^mm'r^ z. t^&t^^-So 
[0 0 0 5] ;^^')m^mn^Mz:^\f^^^vmmz 
::n.^T«. 2m<D;f^^vmm^m^^x^mm^m^'r^ 

^r-r^^'&Tt>^3ti4, -m^m&:(Dtz^\z2mxmv 

^f^$>^ifi. Z<D^\Zh:^nm^mmx^:b. 40 

[0 0 0 6] ^^^}m^^n:^)]/(D^^^)mmijmth 
x\t. ^^mz\t^7^^-^ omib^^m ^momm 

0, W:iL^\z\tmmk\z±mzt>fz^^^\n\(D^^^n 

i^^^i^%^^m^(Dmmz\t^7jk/^^Mzm^mi^^ff 
ta:t:)ii:^m-^mw}f}^imx^^. mi^mm<r>^^\z^^ 




^mW-A-2 9 9 3 8 5 

4 

-)v\^U(Dmn\z^mL. ii'ify^-)]^m\Ziii^^if3i2 
mm& (2a)^mit) (D^^nm\zmt^m^mm\z 
f^^^3\zmi^Lxxtimmmno:>^\fy hm^^^ 
^n6<D\fyhm<omn^f3i^^^^tLxm^<D 
^mm^mT^^^o ^^/'i^)i<Dwmz^-DX\mwm 

'^\m^mm(Dmik^miE'rti\t^<. &rf2<Dwmti: 
tmmi'rcm'^h±m<D^z>\zmiELftm'^^'^ti^<D 

[0 0 0 7] ^hu^xm<D&^n^)ix\t. jm^AM 
^x\t+6^fs.mm'p}i:^^mmf}m^nf3i\^^<Dx. m-n 
mm±.(D±m7^'{z)i^Mm\zmi^^'^^0f}^-^x$> 

m±Mz^\^^x^^t. M^m\z\tmm(Dmmtmzfi 

<owA<omii<^^x(Dmfm. mmwimz^y)mmm\z 
(^vF<D^km^^^x^^<. ^rzmwmm^^±\.x^ 
^OFF (D^m^^^mm^mzmi^Lxh^^K 
[0 0 0 8] f)^f)^^m^mf^^'r^^^')m^i^/'^^jv 
\z^^. km^i^nmm7^/'^^)v^m\zt-:^x'^^<D^ 
r^^mmyr^mmi^mmmizwimt^ t. m2 tc^r o 
\z^imm (xms) ii (i=i, 2,-) . nmm (m 

® (k=l,2, <D^j^\Zi<Lmr^ikm^)\^^ \ki 

m^m^mzm<tm9w \z7r:r^o\z:fsi^. xma 
^^zfYmmz\t. i^i&LmmTomw/vvxs^^zs 
s^^ti^nmmmzwmLx^<. mwz±mmtjv 
<&OFF $>^mw}mmTi\z^^^x. iimmizm^L^ 
/vvx^^wmr^tthiz. ii^^zfh mm\z\m 
^t^ty'-9\z'ii^xmiL^/vvxw^^m't^o m 
j^^/vixw^^mLTzm 1 ff<Dmm±Mt. nm\zdi 
(ON) t vx7^t<k o \z^m<mnn)V7s(Dwm<Dum,^ 
%^mm'<D\zn\^. ^Mvm^-:>tzWM-^Mtm ^ 
m^^m-t^. Ao^mmimmx2\z^\^x\t. ^^wmzm 

^^o\z^^^mikt^. &.TmmzhxmMk\zfiyj 

mmimz-o^^x^n^x^r^. mfmsxm^n)V7se 
^miffirsijnb, &.-rwtmk\zm^^^^ni^o. m 
7^o:>mx\t. i&w/vv7.mnT}H\ziE^-'i^(Dimn)v 

iL^n)V7.^ii^^m^/VV7. e "kXCOAKOmmz 8 [eIO 

n)V7.%^timfs.t>nx\^^^. miL^tmtiomn)V7s 
mo:>mm^^x^z.h\z^-:>x. ^^^y^-jvY^xm 
m'^n^nm^mm(Dm^\t\z'r^^ti3^x^^. - 
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(4) 

5 

(a) tm-omm^'tri^nn^x.. ±<nmzm^^ 

[0 0 0 9] ^ft. 09 (a), (b) T\tmmvixmmT 
. t^f7m<Dm^^/vv7.mmT. tf)^mht^^m^<D0i lo 
-WLmz\m'rbh^b<r^*ii^mtfsi 

/^)V:^w^^Zfm^/VVXe(D&m^^^\Zf^SZ.t\Z 

^y)^^/^^)i^f^<Dmr^tmm\z7r:'^ti^o •o^iz. 
^^n^n^To mm\z\t. 6t:^yKN=6) otf^p^ 

[0 0 10] sii-:/:7>r-;uHUb Ec*5i/iT«, ^-f, 

m^mmz^t). miL^f)mfsit>nrzm^'t)vfi^§^yt 3o 

ERSb xihvtz,mii(i>n^mz^^x^(j:>^% 
MK)^f^»7f ^3^tc®'rs^rafiz=K: • T x^ 
«Ti^-:/7^-;i/F Ub mz. n^f^m^^mm 

i)^. Sb /Sb-i= 2i:^^-r'5;i^(CctoT. etfyhtc 

m'^'r^uv^)V(D^mm^^7r^'t'^z:.ti)^x^^. m 

[0 0 11] S10(a),(b) \t. ^^yy^-jD^o^m^ 

^rz\t. mmmmz^m^^^xrfMSi\z^ 
-rs^rpizd^-tj-y^^-^uHgUb ^Kim^^m^^^^ 

LSB \ZTS:^^\:fy h\Z^f^r^'&':fy^-)l\iX\t. 50 




1$BB¥4-2 9 9 3 8 5 

6 

[0 0 12] ^tz. mmih) \t. m\z. ^mn^jvofi 

t0m:b(Drz^\z. w^fm^x^'tmm^i&y'^itrz 
^^^^.L. ^mzmt^mm^mt. mjh^^mm 

t\^^vz.tx$>r). LtzfA-DX. z<Ub xm-tmiU 
f3i^. mmz\t2^vt (oi§^fi^^vx$>Ki. 

[0 0 13] -yj. mmw x\t. m^^^^mmf)^^ 
D-^y>c-)v mxmu^u^mmxfsi^Lrz&^^i^± 
mm^M^^Lx. mm(c) tc^-ri:5tcMSB(b=N-i)tci6 
^^}dyh \zMjt:-'r^'^^y ^ -)v Y \zm^mnnm^ 
(Dmi^\z%^^^:bz.ti^x^^. z.<Dmm-)5m\z^^^x 

\t. '^Z^y>(-)VYc^&^ Ub \t. #^^^SS!MZi 

iiif^Mffls Sb to^mmz^^xwby). ^aipprnz, 
Sb (Do%<Dm.±m'^^yy^-)VY3L\^t tu^. m 

A«> ^lO(c) tC:fett^MSB Xmi>ZXh^ff^^. Us 
[0 0 14] S}.±lzm^rz:^^^jm^^A:^)V<D^^^(D 

^^/n-;K7)«'&icji^io(a), (c) \z7iKLrz^'5\zmm 
^mz^mf)^tn^i}^. n^cog^^^i^momm/'^^ji^ 
^^tbtzm-^at. 010(h) \z7^Lrz^o\z. 
^^^^mm^^t>trz^<D}^y hik^t^^/^^^jion 
tf)^ q> ^mmiz^^^M^mmz^ o t)St.^»tc 
m^^M^^m^^j;: o \z^m^fTr3,t>u\mitm^rsi 

[0 0 15] 

sc<Dm±\zm\ ii^:>wummmmf)^±^t^ct\m^ 
f)^x^^f)^. mmz^om^^^mmz^-r. nm\z:i^ 

^^mm ^m^r ^::t\z^-DX^^'DXh^vm'^^ 

Tr.ai =V/K • N 

)i'^^(omm^mzi:'DX^(Dmwmi)^&t>^<Dx. ± 
^^^zfmn\z:^\,^x\tm^mfm^&vx^^:fs.\^\ ^ 
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(5) 

7 

^->xnn'Yif^i;m:,m'c\^X\'^^m%. ^lO(c) Ic^ 

[0 0 16] -mthXs lQ00ffO)^^A^MZS\^y 
V7!rS300 Y <D^B(Dmim&i)^^Z-^Ui^^\Z\t. CO 

mmT\mm\zmmvm^mx\tfsi^K m\z. mwjmm 
coK#^^S3T=4/zs tt^t. 500 nmsio^^A 
^)v^mmt^0tm^x$>^ z. tm\^. 
[0 0 17] m^/'^^)v^m^'r^m^±:)V(Dm 
m^wt^^omj^i^^^t^t. m^±mz\t^n^n^ 
^<D^mi}^$>K^. ^n^n<Dm^±)v<Dii^mzwt^^< 
m'^Lrzmm^^xmm'r^<Diim^L^^(D\t^m<Dz. 
tx;^^. rf^ti-b. mwi^^^m^^^m\zji:^m^ 
mm(Ds^mf3^$>^z.tf3m^h^\ 20 

[0 0 18] hti^^lz. AMhtz^'^\z. ^^^m^m 

n^)v<Dmk(r>wm:)]mz^^^^x\t. n^0^^^±m0 
(OX. m&<Dmw}0kf¥xmm'^^^^nf3:^\ t^^oz 

[0 0 19] :$-^m(DBmt. ±mLrcimomm^M 

[0 0 2 0] ^§%m<Dm<Damt. ^^-fe;pco!t#tt$^ 
m^it^mi¥^f^(om^^'^m\zu ^tojev^ 

'^mf3i ^ u mm^/^^jv<Dmm:i^m^mm^^ zt\z 
m:^m^i^^r^ct\zh^. 

[0 0 2 1] ;^^5, ^^m(DB^t-r^mm0k^<Dm^ 40 
^^^m^\z^^x'^m\z'r^mm^}kti.x. mnm 
m^^^n^)Vo:>^^x2^n\y. ±T^^A^e>^n^ 
tmm-r^ctiz^r^xmm^&^m \z^wl^'^^w^ 
W}:^m^$>^f}^. c(Dmm:^&xu. nnmo^mLm 

[0 0 2 2] *^Mco$^(cflficog&?j(i, /^^)mm(D 

\z. mwi^^^i&mL^^^o\zLrz;<^^)m^7f:n^ 

[0 0 2 3] ^fz. a*StSS^/t^;k mzdCMA^ 50 



9 9 3 8 5 

8 

Mz'r\^\zmWi^Wrcr^m'^\z\^. 
i^mm^t:-^i^t^^tz}sb\z. mm. ffi^^bfcfflaas 

n.'tMmTT^t^^m^v'-^ t^m%\z^n\zK^ x 
mM.\zM^t^i)\ z.(DmM.^'^\z^\^^xh. $>^no 

>^-U-7.^mzmhX^>^t\tM:^fSi^^o LTzf)^^ 

X. %mt. mm^k^^iz^-DX^-uvfmWi^Tr^^fffsi 

^-u-xM^n^:^^^m'A^^Mmz^^t^'£:-Mi}^ 
abofc7&^. M^&'TU}dmi^^m^-r^^^\z\t. [Bi5& 
\zMr^M.mm^xm^^h<Dtfs,^. 
[0 0 2 4] kms^.^nmm^^/'^^Mzid^^x 

±7.Lxm^^rzm%h^(ox. — -iy^^-u-x^ 
^\zx^^u}dmmm7n\mM,th%:^^n^f)i. 
-^7r^<om't\z\mxi37stmt>^zt. ^Tz. ^i^m 
f}mm't)V(Dm^i^^mf^^^ct\z^^m^^&j±r 
^rz^\zdmm^/^^)vtmm\z^^±jm<Dmm^m 
Ar^'i^-m^$>^zt. 'rU}£mm^^\z\mmmi^f}^ 
i^^^fsizt^a. ±mLrzmt\t^mmt>^<Dx. m 
miziff^^izmm-rtw-i-i y^-u-7.M^f}^x^^ 

[0 0 2 5] f3:^. &s±X\t:/^'e^jm^^n^Mt. -f 

y^-u-xM^zm^^^^oxm-A^^^m^^tm 
mLTzi)^. mm\z\t. c<Dm\zm^n^o)^m^^^c 
•fi^t*^. ^^i^^y^-u-7.m7^x\tiyu-i,}^ 
izn^n^^ytmrni^^^M-r^ox. m:kM^\zx^x 

[0 0 2 6] Lfti^^^x. ^^mo^^izmo^mt. 
^^nm(Disrf^^t)t\z. mz^Si&:v'U\fmm(D^ 
^x^t^^'kuizu^-f y^-u-T.mt-m'AM^m 

^zt\zh^. 

[0 0 2 7] 

^ :^m^(D mm^/'i^)v<DT'U}fmmm^\z^ 
m7F/^^)]^<Dnmm^mm(D2m\z^if. ms-^ 
im^a^Kim'A^^xfffsi^f}^. m^\tmm\z%fsi^ 
&m^E^xmm'^^zt\zJ^r)^ ^^^-ry^^^i^^z^^ 

^^^xmm\zmf3i^^7Rwm^wmL^^^o\zLrzh 
<Dx$>r)^ f}^i}'^^mw}:^&^mmr^tth\z. 

hmtT&:}d^yhmt\Z2^L. ±&tf 

y h\txi3'ru}immm^<DmmL^mz^y^-)\^]^ 
}^xm~mz^^'r^z.t\z^r)^ ±&:}dyhfzmzm 
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(6) 

9 

[0 0 2 8] 
[0 0 2 9] 

[^js^^j] KkT\zmm^^mLrmmm\z^^:^^mt: w 
)V(Dmmi5^<D&ifU'^^^.to mm\z^^^^x. it (k 

=1,2, •") ti^^/^:?^;i/tC:tefrt^^kffCD«lf^<^fi|^£S 

(Dn\zMvxmnmm:^mut>nxi^^:it\zr3i^. fs: 

ERS' ) OMffiib<Djtat^^t"o ^^c^^Jtcistt 

mmmmTiizmm. mmmmi2\zm2n> -<d 
^^{zm'A\z±mzmiL^^nuo. ^^\z. mkii. 
ERS ^m±x^n<Dm^mW}trsit>t>m^M^^n^^ 

tCiSV^Tti, ^ScfftC^LTtSERS^«gJ:T?8 
m&ff\ZMLX\t ERS' ^^±T?S*$ff 

ss^Tw \zm^mm^mmLxmi^^ytmm^ie7 tv 
x\^^^(D\zMb. m2nx\t. mmT^xm^mm^mm 
hxm^mytmm^2TtLx:^ri. siy^mzm^^^ so 
mwm t2it^im\^x\^^^, 
[0 0 3 0] ^wTn«. ^i7R<D^mijmz^\^^x 

(If :y hO,l,-) ©rtcotf-/ h4^&S^b. {SISfrTti 
m^x\t. m7^<nm\zWL^fvr. ^M\zWL^'^^^tif^ 

[0 0 3 1] fs.^. mi7^<j^mmi5mm^'^mf)^m^ 
\t. w.mthx\t. ^m^^^7hn^)V(Di^mz^'DX 40 
*^o. ^^n^)V(D^mzxr>x^m.o:)'^m'&i>^um 
^n^Q-g-chUT. M7-r^fy(Dmm^'A<^fj(Dmmz 
Bm^^'^^m'^^m&Lu<x\m^r. %wwiM^ 
7hn:^)V(D^mti^^o>^mmum'^x$>^. tuti^. 
n.^WL^^7^n^}v. mz. \^zm%mmwr^n^Mz 
^^^x\t. m^(D^o\z:f'7^ ^y^n§i:^Mm\.x-^ 

L^atfc J: o x-^^miL^^nu o z. t\mmx$> 0 , 
mmwLn^m^^xmcA\zm]L^^^^nfz,om^^^ 

WL^mmn^MzmhfzMWiy5&Xh^f3K m^\Z'0\,^ 50 
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10 

x\'t. nm\zmmM.\znf^f^u\m\tu^u^mmti^ 

^\ Lrzi)^oX. mS^^\z:i^^^X\tMSit'r^^7^±:JV 
(DM < x^^^mnm^S c hx^ <;it\z^'D xikn 
mit^MmitLx^^^f)^. nmomm\z\t^<D^^fsi'^ 
mmm^mmm^f3:^^<Dx. :^mm(Dmm(Dt^f)<D 

[0 0 3 2] Ui^. 9cnT^fr(D^^±}V<Dii^m\ZXo 

t\tx^fs,^^f)^. ^^mmmm(D^7^±Mzm^f)'^m 

^h<Dx$>ti\i. ^nt^n(D^m\zi^t>y)fs.<om^ 
mhO¥? <D^mhmnLm^<Dx. m^<D^\zmmvn 
yx^^t^^o^mt-^\z\t^^m^\ 
[0 0 3 3] mi7^(D^^mf^<DMci^mtLXs m9 

(a) trMjsuT. km^^/^^Mz^\f^mWimm^m 
t^yti^mt^ms \Z7^L. S9(b) (r^f^sur. dcs 
^^/'^^Mzi^t^f^mWimB^mtn^^mt^m^^z 

i^9(a),(b) tms. m4tx. m^^^Mm\t 
m^<Dt:^r)<Dmm:^m\z^ox^mmffm 
x^:f3i^mmi)m7^-^n^ z.t\tm ^f)^x$>^o 
[0 0 3 4] ^€\z. mm\zm-<rcmm<o;f^^^)m^^ 

(b) IZ^t. I§312(a) (C^-rK»lIlIK«gtC*5V^T, P 

m^<Dt:$^r)\z. AND y-h, KJBEKftlelKCDR). MEE 
^m^'t^fz^CO^lyyY'Vi^Ts^ R,. R, ,Re 

D ^t^x^iBX^it^nwmim^mu-^^o^Bmii- 
^n)VA \zmwvv7. s ^^n^tiu^ ux^^mffix 
^^n^nwm-r^. ^nmMY\z^\,^x\^. m 
2.^, mn. m^(D^^^(ofz}i>\zi^yhvi^x^ r,. 
R. ,Re ^-en^nfflc^i^^^. ^i^yvvv7.^\x. § 

XfimWim^yi^ , So , eo n y ^ n)VxnfSiTxm:k\z 
v y h ^^TJl^^c^ffl:^Kam^wo 1 . Wo 2 . ; so 1 , so 2 . 
eoi,eo2,-^^^n-?nj^j5£U> &Xhn-y/'^;UX 

woo,soo,eoo L^n^tim ^t^x. nmw) {c^f 

^wvv7sm^mmz^^±^^m^mn}V7.^m^\z 
m^hx^nmmy ^^n^enmm^^. f^^. mi2 

(a) (^^L.fcS>i^xha-://x;uxWoo fi, [^S(b) 

tC^L/SlSii^X hD-y/t;i.XWoo (hl^^O^Dv/^ 
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^mmt.. mi'^^^^-Y\z^x>m^hxmL<D^^ tc. si2(a) ;^^e0i3(a),(b) ^<D^ofs:\B\mm^(D^ 

[0 0 3 51 09 (a) tc^b;tae*<DAcsg^/u^;i/£^ hmm^m^xy)m±vu^K t^f)^^ 2 
\z^^^xsi>=h , soo= stLTzm^^iz^^u i^m. m 10 ±.'m\tu^\ 

m^^mi^y hwjT.^ R. ^©fflSLT0i3(a) ii^f [0 0 3 7] &,±,ommx\t. frnm^2m\z^ 

^"^miSLttx,^. {h)\zm\^fz.mkmzmM7^n^ mhrcu^mmz-::>\,^xv^^fct^. nmzhxzmii. 
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